Introduction and preliminaries {#Sec1}
==============================

Generalizations of single sequence spaces are double sequence spaces which were initially given by Bromwich \[[@CR2]\]. Later on, these spaces were investigated by Hardy \[[@CR13]\], Móricz and Rhoades \[[@CR24], [@CR25]\], Tripathy \[[@CR39], [@CR40]\], Başarır and Sonalcan \[[@CR1]\] and many other researchers. Hardy \[[@CR13]\] presented the idea of regular convergence for double sequences. Recently, Hazarika and Esi \[[@CR14]\] studied generalized difference paranormed sequence spaces defined over a seminormed sequence space using ideal convergence. A double sequence $\documentclass[12pt]{minimal}
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                \begin{document}$M_{k}(u)\leq a$\end{document}$. Recently, Esi \[[@CR3], [@CR4]\] introduced some new generalized difference sequence spaces using a modulus function. In \[[@CR5], [@CR6]\], Esi et al. constructed new spaces of statistically convergent generalized difference sequences via a modulus function. They studied different properties of such sequences and obtained some inclusion relations involving these new difference sequence spaces.

In the middle of 1960s, Gähler \[[@CR8]\] developed a satisfactory theory of 2-normed spaces, while that of *n*-normed spaces can be found in \[[@CR20]\]. Since then in the early part of the last century, many researchers studied this concept and acquired various results, see \[[@CR9]--[@CR11]\]. For more details about sequence spaces and *n*-normed spaces, see, for instance, \[[@CR17], [@CR26], [@CR27], [@CR31], [@CR34]--[@CR36], [@CR41]\] and references therein.

Let $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$A=(a_{mnkl})$\end{document}$ be a four-dimensional infinite matrix of scalars. For all $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$m,n\in\mathbb{N}$\end{document}$, the sum $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ y_{mn}=\sum_{k,l=1,1}^{\infty,\infty}a_{mnkl}x_{kl} $$\end{document}$$ is called the *A*-mean of the double sequence $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$(x_{kl})$\end{document}$. A double sequence $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$(x_{kl})$\end{document}$ is said to be *A*-summable to the limit *L* if the *A*-mean exists for all *m*, *n* in the sense of Pringsheim's convergence: $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ P\text{-}\lim_{p,q\to\infty}\sum_{k,l=1,1}^{p,q}a_{mnkl}x_{kl}=y _{mn}\quad \text{and}\quad P\text{-}\lim_{m,n\to\infty}y_{mn}=L. $$\end{document}$$

Theorem 1.1 {#FPar1}
-----------

(Robison \[[@CR37]\] and Hamilton \[[@CR12]\])
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The main aim of this paper is to study some classes of seminormed double sequences of a four-dimensional matrix by using a Musielak--Orlicz function. Some interesting topological properties and interrelations are also examined.

Main results {#Sec2}
============
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Finally, we need to prove that the scalar multiplication is continuous. Let *μ* be any complex number. By definition, $$\documentclass[12pt]{minimal}
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Theorem 2.5 {#FPar9}
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Proof {#FPar10}
-----

We omit the details since the proof is easy. □

Theorem 2.6 {#FPar11}
-----------
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Proof {#FPar12}
-----
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Theorem 2.7 {#FPar13}
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**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

The authors contributed equally and significantly in writing this paper. All authors read and approved the final manuscript.

The corresponding author thanks the Council of Scientific and Industrial Research (CSIR), India for partial support under Grant No. 25(0288)/18/EMR-II, dated 24/05/2018.

Competing interests {#FPar15}
===================

The authors declare that they have no competing interests.
